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(54) ORGANIC ELECTROLUMINESCENCE ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a white organic electroluminescent element having high 
luminous efficiency and improved stability. 

SOLUTION: This light emitting element comprises at least: a hole transport layer sandwiched 
between a positive electrode and a negative electrode, a light emitting layer, and a hole blocking 
layer on a substrate, wherein the light emitting layer contains an aromatic amine compound having a 
maximum fluorescence wavelength in a range of 400 to 500 nm, the ionization potential of the hole 
transport layer is larger than that of the light emitting layer by 0.1 eV or more, the ionization 
potential, of the hole blocking layer is larger than that of the light emitting layer by 0.2 eV or more, 
and at least the light emitting layer contains a fluorochrome whose maximum fluorescent wavelength 
is in a range of 550 to 650 nm. 



http://www19.ipdlJnpit.go.jp/PA1/result/detail/main/wAAAnzaazlDA41 132... 2008- 11- 11 



f4 z 



(19)H*H^fF/f (JP) (12) S:-BB # SF & # (A) 



% PS #1 1 — 329^34 

(43)&IBB ^11^(1999)11^303 



(51)IntCL° 

HO 5 B 33/14 

C0 9K 11/06 

H 0 5 B 33/22 



6 2 0 



FI 

HO 5B 33/14 

CO 9K 11/06 

H0 5B 33/22 



6 2 0 



B 

l 

B 
C 



iBESfcR *B!# W*S6»7 OL <± 22M) 





ftffi?F10-139509 


(TDfflSA 


0000059% 










(22)m«B 


^10^(1998) 5 ^210 




jRSS^EBKAWrtrTl 5 #2^ 






(72)5§«# 




(31)«ft«L£3g#« 


!ftK¥10-57888 






(32)ffl$fcB 


¥10(1998)3 3103 






(33)ffifc|g£f5H 


B*(JP) 


(72)5!W# flHf? 






















(74)ft8!A 





(54) mnnzm mwmmtm? 

(57) 



hub] %,%%3mm<, i.-o^ttoiB]±ufc&fe 

tltMjfe^ffcoT, &3lftJI;!>S4 0 0-5 0 0 

ro^WKjtfrV^-Y/i'.fc 9 0. 1 e VJ^±A^<, SE 

7 i >'v'-y;uj;'9 0. 2 e vu*±*t<; 4>#< t 

S tit3fcffiAiSS/ii s 550~650n m<D&mZ-hZ>'& 



• ( 2 ) 



1 



■ '-IM&Ii ] SSLklc, KHS^itHiii 9»#£ft 

*^«^7t^-Cfoo t\ 0t^jfc.l7j< 4 0 0 ~ 5 0 0 

(O^tyWryVt/uiOO. leV£t±*#<, uE 
?lfi&ifcJ§0M ^Wktf^ Vf* ^«363tl©-f> Wk^ 
r^v'-t^i :0 0. i2 e V«±*-* <., '>/4< t t>38* 
Jll^7t^jS*^5 5 0~6 5 0:nmOl5Hfc*)5S ! 

®#TIB-jK5S; U) XI4 (II) T-afrSftS^ftBiT 
[fki] 



A 3 



N— X— N 
Ar 2 V 



(") 



^Ur' »4, ^^aait, &*fi&£*#LTV> 
TfcJ:v\ 3!f»«itt{k*SHax'tt*»**3lWll*«:*i3 

Ufc2] 




(ID 



Ar 5 - 



Ar 8 



10 



30 



1 1-3 2 9 7 3 4 

"' ' • ■ : " 2 ' .*•'"..'.'• ". 

Ylii^JIiFXIi i, 3', • 5 4ffifit»i-^- 
y*«r*is>U A r* SVAr' 14, <8-*3&4L 

[11*43'], »3K«^«iL'&iniE«X^»oft«( 
0. 1-1 omft%9©fflii*>5£i:Sri|$®i1-5gt* 
Jg l JU4 2 fcE«o'*««JH6***. ' - 

MWWC4-] kiftiMM*. TB-jRSS (III)*L< 
14 (IV) tSJ5*H54S^ TfSfl?^ (V) 

(vi) T-*^Sft5^^y/Hk^»'>nc< t t-S-c 
Hk3] 




M-L 



(III) 



. (iCT, R' ^\IR' 14, =&*3fiS£LT,' zKSSlS^ 
vsny^/Sj^f-, T/W^g, 7 , 9^ ! f/V'S, T/w^—A' 
•S,-r'l)A'*, v-TVS, r^yS, T->A-g, 

**'Sr#UT.v^-CbJ:v^S Kg, «*S**Tl,T^T 

^#8ag?!i8ig£«;bU MI4A 1 JJiH-XtiG a £ 

LI4TIS-)K:S; (Ilia) , (Illb) 3114, (III 
c) ©i>-fixi4»(Z)«4r*tei-) 
Ut4] 



0 
II 



An 9 



-O-Ar 7 (Ilia) -o-C-Ar 8 (Hlb) -O-Z-Ar" (lllc) 

Ar" 



(*W, ZI4Si, GeXI4S n©V>-fft*>©JS-¥-^Sl 
frU Ar' XtfAr"l4, £ * 34l£ L T , #**&g 

" R 2 R 1 
R 5 R 6 

APy^If, T^/uS, 77^^I,' 7;^= ! /V 



40 



. Iflss]- 



m-o-m: 




(IV) 



J 2 



'>7/i 



( 3 ) '. 



lite) 

N-N 

(V) 

I 



Ar^ 3 



Ar 



.15 



C-CH-Ar 1 ^CH=c( • (VI) 

Ar 14 \r 16 



10 



A-r ,, 4wtAr ,, .fi", **«£LT, 

20 

Rlt-fei £ *«N»fc 1- i ay * b 4 o^irtiMc 

[»#S6] ! ; jETLBJhJIOlW^, 0; 5-3 Onm 
oJEH^fc-S. r £ fci"5l**qi l b 5 pv'^-f 

[»fc<Dff»41Rm 30 
[0 0 0 1 ] 

[»W«>JI+*ft«»!f] *»fttt, *ltlHKX»f 

*V^ttE»3tft£LT^4»«*^Lfc*ail<»^0 

[0 0 0 2]. 40 
[ffi*Oftflf] fgl^lM^ (EL) .**£ 

LTtt, ««*tW.OII-VI»Mt^***flc-C?*>5 Z n 
S N C a S, S r S^\C S ^ft^'kT'fcSMn ^#±^g 
Ttm (Eu, Ce, Tb> Sm» £ K-7"Lfc 

1) &mjah&i$m (5 o~i ooohz) / . 

2) . iei!iSflE^iSv\(~2 6 oy) 

3) y^v-i^mm mzi?&) : 

4) mmmm\B\&<D=*.x vt>m\>\ .50 



- 3 2 9 7 3 . 4 

fc^raWiHSjfeSK^OBIHB' (Appl. Phys. L e 
t t. ,- 5 1*. 9 13I, i 9 8 7¥) &3fc 
»r> h7^>^(0*fefi*ffiV^EL*^£JtttLT 

8-fc Ko*i/*y V ><DTJl>*-<>Am#&*X htt 

Pet Lt^vy K-^-f 5 

r£ (J. Appl. Phys; , 6 5^, 3610 

h, i 9 8 9f) ic<t9, B#»*©ift±^*'tf«* 

[0 0.0 4]-±eo«*ffi^W»«rfflir>fc*ff555t* 
Affile t>, bT, *y ( p -7^u 

^fc^U-^) (Nature, 3-4 71, 5 3 91, 1. 
9 9 0f) \ [2 -^ 5- (2-^?vl— 

^r5//V^-*5/) ^ 1 , 4-7xr:l/yt^l/y) (Ap 
pi. Phys. Lett. , 5 8%, 1 9 8 2 H, 1 

9 9 if ffij , 7$y (3-m>ft7xy) (j 

pn. J. App 1 . Phys, 3 0#, L 1 9. 3 8 
H. 19 9 If) "♦Oi*j>^#»t^Vvfc«J|L58**- : F- 

6 1*; 1 0 4 41, 1 9 9 2f) ©■»fcfftoih/t^ 
[0 0 0.5] 

i"5fc«>iai; -o(D*j£^%x.fcn'rv^5a -oil 
H?&<D±*%Llt S*S r £ OT* 

fflV^<5*ST*fcS (Proc. 15th Int. Di 
splay Research Conferenc 
e, 2 6 91, 1 9 9 5f) e t5-.0|±, fifeW 

&Z>ttX+hZ> (ffl¥7- 1 4 2.1 6 9^i). B 

[0006] Sfr*<o*fe»*t***»o»*^fo*ic: 

OO.c d/m 2 T% 8 0 0 0 ^W©#^^«*S ixTV^ 
5^. (Inorganic and Organ i cE 
1 e ctrol u m i n e s c e n c e /E L 9 6 
Be r 1 in. ed. R. H. Mauch and 
H. E. Guml ich, p. 9 5, Wi s sense 
haft : u n d Te chn i k V e r 1 a g , 



■ '••/•'•. • •. ' > 5 •' : - : • 

B e r l i n) V 1> X*«*.*ft.S *JB . 

'MS 3 0 0 c d/<m' fc : V;^#^+.#fc©'#- !. . 

[ o o p. 7 ] &,6##mjte8#i&4--'£ * 7.-7 -< 

19P-H-6, 9 9 21, .1 9 9 4'f ;^5 60 

isffl*a*a^i*i**»iii***. 2 s P - v - 7 , 

1 0 2 8I< 1 9 9 5?) „ afe%7t(cMLTI±, 

<fc;, 7**9- ft;^©S#W^," 6£363fc*©'b0?i£r 10 

[0 0 0 8] efi**SrJSIdl-r6fc»fc, rftt-c, 
(#M¥6 - 2 0 7 1 7 0f-;&$8 ; |R¥7- 1 4 2 16 

+'5C£K«fc9&£|;:6fe#.#kftSi$s (Ap p l. p 
hy S.Lett., 6 4#,'8 15l, 1 9 9 4; 

©3»iF»©JI*a*Srll««iLT#*JtfeJH©K-^*«r 30 
i*fr?5«:»ftl'\ 

[0 0 0 9] ±KBro«(c, SfeSSftijf^tcttLTfi, ft 
o, »jte»«IWIS<, efeofe-fh*«iBtlw< <, L*» 

#**fc«0W-5 a Hi-fi. 
[0 0 10] 

H8W;W*ftLJ:y *»9f#fefi, 40 

#i-5383tJl»-1**©*3tft**K-7'S*, fLo'iETL 
NISI. ^3tJ15:ll s iE?LPflit^0^^y'fb^7 i v->-tyu. 
<Dtttt1%&Z¥ffe-fZ> C i J: 9 ±IB1KJH*M& L»S 

[0011] 

^t'fcoT, BE363tP^4 0 0~5 0 0 nmCOSSfflKH: 50 



• Pf 'i .l - 3 2 9 7 3 4 

vi^/^iVd;- lie vut±*# < , . 3E-?Liajta»^* ; 

0. 2 c Vg±A^ <\ '><i; <.Hi^i:f 

5 5 0 ~ 6 5 0'.n-mfe«SHjCfe*_*3tfe**-&**' 
*5 *W*;i 1-5*«*JMi**VlC*>*. 
[0 0 12] 

Wlt^i-»rffiE-t*.& 9 , l 2 li&Hi, 4 ttJEH 

«3i£Jf, 5tt«*JB, " 6 'ttiE?LmJkW, 8ttl*l§«:«-* 

**>*-. as i a^ttimjHBjteft^oi^i ft a t>» 
&?>„. : 

[0013] 3fi«i±ttttt«2*«K» : t6>ftSiis».|»«' 

»^-<»K:j:t»«l**ftS. *ffi2©ff^ttiift, ^/N'y 
Kffi^ttOfteiOfffcftsr'iras^v^ 

©»4fcri, aa.ft^'f v^r-«fjiB»«k:»« 

9 ft&MU iJc*Wlft*# bfc 0 1 ±fc*«tt 
'ffi^FS:fti«L-CBWi2S:»*i-5rt'b-e*5 (Ap 
p 1 . P hy s. Le t t. , 6 0#, 27111, 1 

9 9 2¥) o »«2tt»ft6*j#-cflMl-tr»*i-sr 

ifcWCfcS. 8W2©J|C^f4, jfcKti-'SaWttfc 
<t9Sft5o SWttd J ^>5t Sft5*g-I4, -BT^JtroS 
ffift, 6 0%-UA-t- »*L<»48 0%tA±i-f 
irt>5M*L<, w©4i^-, J5^-»i, aft, 5~10 
0 0 nm, . »'* L< 141 0~5 6 0 nmllffcS. 

SW.-t?iv^ttKfii 2 ttStg l tp— t?t iv> 0 * 



s r t ]t-^r«i-c*s 0 

■■[■O-O-l 4 : ] j!g®^ * 
[ 0 b 1 5 ]. r oi 5 ftlrttt^ t It it; Wx. 

Lt*»*5>r ^ voc&m mlm 59-19 4 3 9 3 

*^«) v.4,' 4' -tr* [N-. (l-t7f;W) — N 
KttftLfc^ftKT ^ V (W¥5-2 3.4 6 8 1 f£ 20 

S), hy y*^/^>'^y<pffimi£ , vx b 

3, 7 7 4^»f) N N, N' -^7x^N, 
N' -fcf* (3-^^7i^M tr7^^V-4, 
4' -i>7S V»<&##«^T § y (#S4#IMIU.- 7 _ 
6 4, 6 2 5fMS) > ^^tttiWiC^ 
#ft h y7x^7;yf*ft: («fB¥4-l 2 9 2 7 
1-^ft) . t»^;US(:«^7^S«)@f 
ftlfcft*! (ffl¥4-l 7 5 3 9 5^«) , ^f" 

5 y (*3M»¥4' -2 6 4 1 8 9 , J frfflk 
^t^f^T^ (ffl?4-2 9 0 8 5.1^ 

ft) , ft7xySt^f^Hj»7? y¥tt«g«t 

fct>05 (#M¥4~3 0 4 4 6 , 

ft) s ^y^7i«/Wfc^H (^|fl5p4 - 3 6 4 1 5 . 
3^ftj , ^*wy*^«3RT§>ta9SL:fc-t- 
O (M?5-2 5 4 7 3^i) s h»r5^ft 
5 -2 3 9 4 5 5 ^ft) % tf ^ S?tf y ^7 
^tf7x^U (^gB^5-3 2 0 6 3 4^<&ft) s 40 
N, N, N-bJ7x^U7^R»* (»BI¥-6-l- 

TSV (WpBR^F 7 — 1 3 8 5 6 2^ft)\ ^7^7 
x^l/7xtVhy^Slft (1$W7-2 5 2 4 7 
4^«) x S/5fyfc*» (*S^fF»4, 9 5 0, 
9 5 0>W»» , Vflt8H* *Pi¥6-4 9 

0 7 9 4^«)' , t^7 7 ; yR**: 6-25 

6 5 9^) \ ^^ y Kyfti&.«M»*Wb*i6.. 

t\ »£>Tfflv^fc\kV 0 so 



• #^¥l 1 -3 2 9 7 3 4 

[00 re] " ieofc^fi^p, jE?L«(^i<b*t^t 

1 . Ph y s ; Le t f..,:5 9f, 2 7 6 0.1, 1 9 

9.1 m V y '.7**77% y° ^¥5-31094 
9L*&«k #y r s k wwt^s 1 0.9 4 9^ 
ft) % # y tr^/v h y y^-frT v y • 7-53 
9 5 3 $'Am \ h l )7 *. ~A>7 Z y#»*^Ti:'-5 
f (#M¥4- 1 3 3 0 6 5^) \ 'Y))7x.^JV7 
% >mUL&* ^UVS^m^b^i^^ (S y. nth 
e t i c Me t a 1 s, 5 5~5 7t v 41 6 31, 

1 9 9 3« j.ismwT $y%^-f * y> 

— h (J . Po l ym. S c i . Po lym. Che 
m. E d. , 2 1|, 9 6 91, 1 9 8 3^) 

[0017] Js85biE^*»^.S:aWjSfe*V^f4|t$'3« . 

v m&mm 2 ±4daw+5 ^ t k ± 

l4«r®^i-^ 0 iBt*.ife©#*tt, jE7L«ia6tt»*— « 

5 0 /My^-WBit tfy#-#*-K ^y 

ftV^sa*'L<, i§^> 5 0B*%«T##SLV\, 
[0 0 1 8] XfflK#'^0»frlCtt; ; jE?L^lt^^« 

ft*^y^t?i o- 4 -Pai«l;it-ft«Lfcft, 

^-tu, % frtf % >mp&MtitR if-/* » 

^JHtt (^¥4-3 2 0 4 8 4^81) x ^/7x 

;ypi#Mf^y/7xyyi^ (»BB¥5- 

2 9 5 3 6 l^ft) % 77-i/^S (1#^¥5-3 3 
1 4 5 8^ft) ^10" J -1 0tl%^»tt-K- 
^LT, 7y-^ y 7t LTOIE?LiSr^$^:5ri: 

ai4<ORJPtt, aft, 10~3 0 0 nm, »*L<"tt 

3 0-1 0 0 nmtfc6o 

[0 0 19] H«|2 kJE1Ufcmm4<D*isf* h^rf^± 
^^S^feld, H3lc^i-1i^. BS^7ri3S:R 

rtz>z.kfr257Lbtiz> Q wm^y7 7m\^m^hfi^ 

^f7^te^«^^< x LTIi3 0 O^Wi, 

^#ft r i v 5Efl*IWE#**^ i t ^ 



( 6 ) iftfflW- 1 1 -3 2 9 7 3 4 

9 ; .. ' ■ .•" . -1Q ' 

ui/T~Vfc&W 3 -2.9 5 6 9 5^ Kk, £ffi8-d>feaA<^^ 

3 0 8 6 8 8^i) , t K? /'XftiMft t»W?P4 - . ; 9 ■WjaSjifi'. tfofcft.Kli, jE7L©i$ 

"3.2 0 4:8 3#^*)i ; ■"T^?Vi^liip*»*yT5 ' ^ tt^mf L*t>jE^M» 

(#W¥4 -2 2 0 9 9 5 4*Ml> , p ■- ( 9 Xf ,<\ h7^t4 

-ry h y » -N, n-t^- p - b y ;kt~ y ^ 6^mm^^mmc^±uc< wfr&ft-cfc* 

3-H 1 4 8 5 , rf> y i/V-fe v r k s tus; : 

y«y-p.-7x-i/y^l/y (SW4-1-.4 5 [ 0 0 2 3 ] #3SWlc:ioV^f±, '•JBatJf'l** 

19 2*^*) ;#Ur^!(y (Appl. Phys. 10 OS*g*«fi# 40 0 - 5 0 0 n mO|5Il:fc5^S 

Le t t. , 64#, 1-2 4 51, 1'9 9.4^#fitp : #. 1ST S ;/flS*J*fc** hPf t UT> ' 

■©^aMfcA*^; *'<v9 • («fM¥8^3" S**«***#5 5 0~6 5 0 nmO 

1 5 7 3#^«) -V, '^^^AljMbttv teHfc*>i6**ft**,-±1E*^ KtfftfcWLTO. 1 

/^a^M^ii^itiS^, 2 7a-SY-9, 1 9 9 6 fc^i"^ ^ t #t'*5. Z<DZk SrEl 4 |C^"|~C I 

*«#S*tT^"6. Efe&ffiaiBI (JISZ 8 7 0 1) £^Ttfc^-f3 0 

[0 0 2 0] '±E»«^s/7TJB»»iLTJ:<«»$ efeSMtfeH*OW-C*1-e-ft* (x = y = l/3) £ 

*L5{frg*fc LTtiU y Vfb^feX^7^n^ >t"'tt+6««t**fc*tbSo 4 0 0-5 0 0 nml:S 

Tnyfts^^iffctiSo r-*tbOft«*&+^JR 3Wy**«r#-r5»ft^ h *m*>»*tt, B4-CI* 

ttfLTWtfc .fc^U *4HOt«>-etJ:v\ 8t l 20 Wft, jWR«>«I«lcttif 6. 

.v^ritb©{k:*46o**«t LTte, «Tc9<frS*a $ # #5 5 0-6. 5 0 nmOK-try^fli*3tfe*©»* 

5, 10, 15,20-7 h77i=/l/- 21H,23H-7}f^7^ V £\ K-7 P Mt ITb'^t^yfi^M^^ J0 

5, 10, 15,20-r h7 7xx;l/~ 21H, 2f3H-#yl/7<f X=i feifl&K: J: 9 a b ^T^^H5fe^it/S^tL, K-V 

5,10, 15,20- r h y y=.-)V- 21H,23H-^^^ >m h'Wftb LT c &<Di><ok K-^fe**L 

(ID "... T d^toSra^tf, 6fe«#£«l£<«$J5 c dlft 

5,10, 15, 20- X h77x-/U- 21H,23H-#/U7^ffi K- tr^^»*ft#fc»^Ktt#i-a 6fi 

» (ID 30 «**-T-*3trtS^6. e f IS, e f ' HfcoVvCfcHI 

5,10, 15,20-T" h 77 21H,23H-^V^^ «Tfe£ 0 

■J-i^'A (IV) *-ap->K [0 0 2 4] **Wfc*5V>rtt; ±IEO*<*Sr«8fc-r# 

5, 10, 15, 20- 7 s " h 9 (4-t'y^) -21H,23H-#A- £ LTf*ttffS7 ^ Wfrg*Srffl ^ 

7^ So €£5l5Et>. *#*T^vft;***:]E7LlliStt©»3WB 

29H,31H -7^nV7^y i UTfflV^^^^^T V^^^ s ]E?LM%JI«rHf« 

« (II) ^.ovr^y t©MI^K»*^ofc»9 (Jpn. J. Appl. Ph 

M$S (II) y$Ux/T^S ys. , 3 2t, L9 17I, 1 9 9 3^), 

vWv/^7^pV7^7 -T^J:!9**»ofcO (Jpn. J. Appl. Phy 

$&7^n^T^V 40 s. , 3 5«,* 4819K, 1 9 9 6*) LfcfcfcK, 

« (II) 4, 4' , 4 y/ , 4' ' ' -irh7T1f~29H, tffi < > ■ 4fc, "*J&ttO<S^*fe»** 

31H -7^P^y * LjM*bftT^fcA>ofc 0 #«WUl43V^TH:i j£?LM 

[0021] »^777i^t, EXM&Mbft .a6tt©*«»r$v{b^4fc*»*JBtbT*»icffl^^ 

SacOlSStfi, 3—10 Onm, »4L<ttl0 . :©*fllJ|fcj;-!i; *faw©«*li:*itt53Ea 

~50nm^fo5o. Mf|(5.»5r th **irtWS^l-J:5^'>' 
[0 0 2 2] iEftliaJi4<OJ-^tt*3teJI-5 3»K(t:b*i" by^»«roffl*SrISJhi-*r 



( 7 ) 



1 1 - 3-2 9 7 3 4 



11 



12 



[0 0.2 5] *%w<D%®mn%itm*\z.mz&yt® 
xf± ai) .T^fc*ft**#*r?>ft^fr&^tfh io 

[0 0 2 6] . • 
[ft 8 ] 



Ar \ 



Ar 3 



Ar 2 Ar* 



(I) 



[0 0 2 7] fltJlS-i&S; ( I ) ttlfc^T, #4 L< «\' 
[0 0 2 8] Ar 1 ftV>Ur 4 tt, #SL<«, 

tr^*=-^S, ^^^-/wS, TVMi/wS, 
yM;i/S, tu-/vX, try>Vi/£, h!) TV/urn, 



: [:d02.9i . " 

(its I . ' ■ . : : . ■ . :• 



(II) 




[0 0 3 0] fjffi-ttS;. (II) iCfc^T, YttSSW* 

litl^o Ar s Sl/Ar' fit, »*L<tt, £*34&L 
T, • *^«SifiSr*rLT^Tt iv\ 7x^1, t?:7 

ei/^l, try^/v£, hyr^S, 

~6^Tyl>^r^S ; t^/Ul^07^^-;Vl ; ^ b 3r 
^/Utf-A-g, m h ^r^^yU^^S^(7)^^ 1 - 
6(Z)7/^^^^;l/jr^^S ; > h^ v-S, ^ h^rvrS 

S ; 9 M y7 p p tvwy ^ /iMto 9 JT^^vT% ys?: 

[oo3i] *«w^jov^Ttt, ffine-#5S; ( i ) xi* 
-ttS; (ID li*i-»-f«HtfcJ:9, igSsstKi 

*ftL4v^#M«||t«r4*.4ri:3W^tBT*>5, 3E7L 

0. leV«±/|N$<«rtm, 4 0 0- 

5 0 0 nmOjft«««»c**«**:*1-6**JBd*R» 

*wb— «ac (i) at; (id v%t>ztiz%m 

[0 0 3 2] 

[*1] 



: ■ : ' :: (. 8 ) • . 1 1-3 2 9 7 3 4 ■ 

•13 • "X : - ' - '. ' • . " ' ' ■ " 14 ' ' / [ ' 

■ • • • ArJ • Ar 3 . ' . 

■•./. \ : ■ 

Ar? .'. ■ A/. • 





X 


Ar' 


Ar 1 • 


Ar 3 ' 


' Ar 4 • 


(1-1) 


-CK> 


-o 


"8 


^> 




(1-2) 


-o-<> 


-Q-CH3 




-0-°v 


-g 


(1-3) 














_/ = \_/ = S_ 


_/=\ 


-Q- ch 3 






(1-5) 












(1-6) 


-o-o- 


-O-CH3 




-O-CHo 




(1-7) 




-Q-OCH 3 


"8 




-8 



[0 0 3 3] [^2] 




[0 0 3 5] 



[*4] 




[0 0 3 6] 



[St 5] 



Ar 6 

i 




At* 



Iff'? 


AT 


Ml 


Y 
• 


(IM) 


■o 


O 


i 


. (II-?) 


-O 


-Q 

CH 3 


i 


(II-3) 


-Q 

CH 3 


o 

CH 3 


1 


(IM) 






1 


(II-5) 




-O- 


1 


(ike) 






1 


(II-7) 


-o 




I 


(II-8) 




-o 


A 


(H-9) 


o 


-Q 




■quo) 


o 


^8 


A 


• (ii-iD 


o 




A 



[0 0 3 7] ztib<bi£&m*. W?ffl^Tt><fcv> 
U'iKWi*i:T, ft-frL"Cfflv^fcJ:v\ file 

Z&yt1&*Z&&tf 5 5 0-6 5 0 n.mOaSH^fc. 

-fy^^ymmw mrn^A -3 350 8.7'tM) 

^!)?-KyR»* (W¥4-3.2 0 4 8 5^a)\ 

■5-2 2 2 3 6.2f^). N DCMfe^ (#M 50 



0S6 3- 2 6 4 6 9 2fM) > P-^^ft*»ft 

■# '«i¥9~8 8 1 7 2^mmm) > 7=.;**'? 

>s DC Jfe^t (Chem. Funct. Dyes, P 
roc. Int. Symp. , 2nd 1 9 9 2f, 5 

3 6i) , /weyvF K^o^y wffitmtfimtr 

btiZ> 0 ±IB(03t*fe*Sr*fe^^ Mt^tco . l - 1 
h roSSJfefc K-^fe*»^ b <^*3t «: in*. 5 £ t \z 
[0 0 3 8] &&<D'<?V*%&&1t}h\t s *fc, 3§}fc 

a**i«fi±**afc»fc; 4 o'o-v5 0 0 nmM*fi 



23 



■ft? f/ymj 5 KfMgfr' (^¥4 - 3 2 0 4 8-6 ^ 
18) , 2f §£7 $ >^>$fr mm¥8-\99 16 2^ 

Wlc^fT £2-i.5#j-£-i4 o . i ~ i 0Sft%©ffiffli^fc 

5:i4Sjf*US ±124 0 0~5 0 0 nmC0^3tfe^ 

[ 0 0 3 9 ] ±IB& ; K-'<* M^Sfe** fc K-y*>u 

©ffHifi#»::»* K-/,tfc o jg.fc:,. ZEJLR&itJf #® 
iEfttK-^L-rtiV. 363tJi5l4., !E}lJ»li£S 4 i 

5 ~ 3 0 Ohm, $f£ L< 141 0~ 1 0 0 n at* 

[004 0] SgftJf 5 (7)±(r|±iETLPJLlhM 6 #88: It fett 
2) 0 IE?LP1±16(4, »3tJia>b»i!iL i C<5IE5L«:PI' 
«KSU*t-a©«rl&Jt-*-5«aifc, HS«*»6aA**tfc 



(13 ) . : ■ : .PBBJf'.l.l — 3 2 9 7 3 4 ' 

fcfefc, .RJI^©^*^^^^'^* 0O..2eV 

5. IE7L#)^ll4«-¥:«i^^ l:»fcftv WtTMMtS 
*i5 r- i *>>fb y IE5L|il±l(4jE7li: m^Sr^Jtlrt l-Pfl 

[004 1]. 

Uk .i o ] . 



10 



20 



30 




(III) 

O" 

R° R° 

[0 0 4 2] (3W> R' /iWLR* fS^JMtL 

*SS2, g&S£#L-O^Tt>4VN7 $ KS, 

LTV^T i J: V^#tftS*ft£&X*> U MI4A 1 
XHtG-iJS^Hr^U Ltt£lT(w*i— »SC (Ilia) , 

(Illb) X»4 (IIIc) ©V^n^roj£S:*^-f) 

[0 0 4 3] 

lib i i ] 



ff 



-O-Ar 7 (IHa) -O-C-Ar 8 (Illb) -O.Z-Ar 10 

Ar 11 



(IIIC) 



[0 0 4 4] ZfiS U GeXI4Sn©V>fn ^TW-USS; (IV) Xmt>£ftZ>- 

i>*Dm*Z&&L* Ar' X(4Ar'°(4, ^ffiSCL " [0 0 4 5] 

«-*g^s«r*ur^Tfc4v\ %mm&Ht*m& . [fen] 



(IV) 




M-O-M, 

R 5 

[0 0 4 6] (^^..R 1 ftvvbR* te; «:*8SiCL 




L TVS tWl L ; Mtt A 1 IST- 



» 



[0 0 4 7 ] 



N-N 



N 

I 



(V)' 



[0 0'4 8] UT<0-f&& (V) T^tl^^^y^ft 

[0 0 4 9] 
[ft 14] 



Ar 13 

■ \ 

C=CH-Af 1 
Ar 14 



,15 



Ar 



Ar 16 



(VI) 



[0 0 5 0] Ar ,2 (i x LTW 

***>U A.r , . , ftVvbAr , *tt," ^^MLT, 

7 b) 7^3 ~£ A; 'tr* (2-^^-8-^;!);. 
7 K (^b-^U/^ b.j t^^a, e:A.(2- 

y^/V-8-^y s y /5 b) (^^-^1^/7 » Tjv 
7~*V/9b) 7/t^~»A N fcf* (2-^^-8 

-*yyy7b) . (t^b -7x=/i/7xy 7 b) 
^■>a x (2-^f/v-8-^yy;.7h) (y 

^-7x-;V7xy7h) 7^-^A, tf* (2-y 

FA*- y;7h) (^7-7x^7x77 
Y) 7/1^ ~£A N t'* (2-yfvw-s-^y ]) J 7 

b) (2, 3-^f/V7x/7H 7/VS-2A, tf 
X (2-^;V-8-^yy/7f) (2, 
/l/7x/7 b) 7A^~>>A S 

(3, 4-^/^7x7 7 b) 7vU^ 

~*a. tr* (2-^^-8-^;yy7» (3, 

5- ^.Wx;7K) tvus^a, (2-y 
^-8-^;y;7h) (3, 5 -v?- t e r t 
f/l/7x7 7M T/Vi^^A, t'* (2-^^-8 
-*;5>?H (2, 6-^7x^7x/7H7 

- r>A N ^ (2-^f^-8-^yy/7h) 
(2, 4, 6- b y7x^7x/7 b) -7/l^~£ 

a % tr* (2-y?vw-8-*y y;7.H (2, 4, 

6- hy^f/V7x7 7 h) 7^^^, t"* (2-. 

y^-8-^/y;7h) (2, 3, e-MMfvv 

7x7 7h) Ty^^A, fc** (2r^^-.8-'*, 
/y;7>) (?i 3, 5,.6-rh.7>Wx/7" 

b) 77V^~*A, tf* (2— y/fvw-s -*y y y 9 

b) (l.-t7>7h) 7;V^!)A V (2-^f- 

^-8-*y y y 5 b) b9 b) 7^=^ 



..( 14 ) (MM*?- 1 - 3 2 9:7 3 4 

A; ;'if^(2^>^ : 8-^ y (> !)7x, 

'9 b) T&X^h* tT^ (2 - y 8 
-^/.y 7 ? b): :( b y y-^/yr^j y .h) T/u$. 

f * ( 2 - y' ^M- 8 - * y y : /. 7 b ) ; (by 
a s t**(2, 4-^^-8-^;y;7h) 

yub-7s^7i;7 h) (2, 
4-^y^/V-8-^y y 77 b) (^'7-7x^7 
1/7M 7/1^ — £ A, fcT* (2, 4-^f^-8 
10 -*/Sy?M : (^-7x^7a;7F) 7J\s* 

~?a n (-2, 4-^/^-8-^y y y 5 b) 

(3, 5-^f/V7x/7H tr* 

(2, 4-^y^-8~^y y y 7 b) . (3, 5-.^ 

-te r t-yf^7xy7M fc** 

(2T^f/V-4-xf';l/-8-^;y /7 h) ("<9 
-^W/7H T>V%~$ A, fc** (2-y^A—4- 
y b^^-8-^fy !)'/7 b) (^7-7x^7x7 
7h) 7/l^-#A, fcT^. (2-^^--5->77~ 
8-^;!)/7K) (*/H-^W/7h) 7;^;^(? 
20 A, t** ( 2 -^.^/V-' 6- b y 7/^o^f;U-8 - 

^y y /7 b) (2->7 b 7 b) t^§=.^a, t** 

(2-^/U-8-^/y/7h) (7x/7» iSV 

->a, if*. ( 2 - y fw- 8 -3-y y y 9 b). (t/vh 
. 1/^/7 b) #y ?X (2-^-8-^y 

yy .9 b) . .(^7-7x^7x7 7 b) ^y tr 
7. (2->f^-8 , --*;y>7f) d-t7>7 
b) #y:*A, (2-yf-/u-8-^y y y 7.b) 

(2-t7h7 ! M ^y^A, t^.(2-y^-8~ 

^•yyy^b) ( b y 7x^7; y b) ^y^A N 
30 tr* (2-^-8-^yy;7M (by^ (4, 
4-tr7=c^v) V/7/7M ^y^A^^tf^n 
^>o *W2i#*L<f4, u-y^-s-^y y y 
7'b) (2-t7h7M r/v^^^A, tr^ (2-y 

f-/W-8-^y y/7b) (M7x^y7y7 b) 

[oosil-twa-jRa'dv) -cafci*Hs-«&jR« 
frb^flcffili: ur, (2-y^-8-^y 7 b) 
t/v^^a-m -t^y- tf^- ( 2 -y 8 - 
*y.y /y b) t^^^a/^ (2, 4-^>f-/i/ 
40 - 8-^y y /7 b) r/v^^^-M-^y-t^ 

-(2, 4-^f;v-8-^yy;7h) 7;K-^ 

a, (4-xf/i/-2-/f^-8-^y y y 7 
b) 7/i^ = £A- M :-**y-^;k- (4-^^v- 

2-^/V-8-^r/y/7F) 7/U^^A, 

(2-y^/^4-y b^>^y y y 7 b) 7;K->) 
A-/i ~^^r.y- =tr^- (2-yf-/^-4-y b*v> 
y y v 9 b) ta-^-^a, t*^ (5-^Ty-2-y 
^-8 -^y y y 7 b) r/v^^^A-^-^-^y- 
trx- (5~v'7y- 2 -y^v-8-^y y y 7 b) 

50 7/V^-^A s \?X (5-^P-2-^f^-8-^ 



( 15 ) #BB¥l 1 -3 2 9 7 34 

27 28 

/yyyh) (5- -^v-tr*- (2-^fyv-8-4/y A7h) r. 

A, fcf* (2-^^;i— 5- hy-7;l//i-,n>^-8- 61,2, 4 - > y 7 VA/wS*4>/.C < t fc-rH&^-t £ 

Jy h) T ^ ^ * A - m, - XX fc' * - (2 ft^feO^^J^TlC^o 

->f>l>- 5 - :h y.7/l/tu/^W- 8 - ^ !)'/ 7 ( 0,0 5 2] 

^ (2-^-8-^>!j;7h) T/W^^^-^ ' ... . 




[0053] «ne-#5S; (vi) -c^^tu5^^y/Wb 

[0 0 5 4] 40 
Htl6] 



- •( 




[0 0 5 5] IAfiJtfl6 0flWf4/»tf, 0. 3-1 
OOnm, jfJKttO. 5-3 0nmtfc5. OtPl 

its t jetlmsji t w«»*ft-e»iai-6 -r t 5 
8 omtt^tisji 7 «tbw set <b*T,s e . ®^ 

aX£ftfca^£3!>¥ct < jETLREUkft 6 

H "CO W te J: 0 * si * 5/ h U T 

[0 0 5 6] C<D-i'5*ftft*Wfci-*t»4 

(4#K?Bg.5 9- L 9 4 3 9 3fM) , 1.0-'t Kp^t 

v^<^y [h] */y ><o&mf§& mm¥e-3 2 2 



16) 11-329734 

; :- , •-• - . 30 ' 

2 16 7.9 i.^a) > -b^f.UvUb'^^yUfl^. 

V«Bf f- ; 2-3 ; i 9:7 og&m \ is.v-Tjt>i8mfc' 

' ; (#§B% 9 ~ 8; f 6 . 1 .B.f^W) ■ " 3 Xtt 5 - t K n # . 
. (A p p 1 ; P h y s . L e t 

t. , 7 l%i .3 3 3 : 8H. 1 9 9 7¥) , ^VX^-^r 
t / (»BB¥ 6- 3 3 6 5 8 6-*^«) . 

■ ^yVj L 7V-/y&mmft mmw- 9-27-9134* 

10 ^5, 6 4 5, 9 4 8«f) .'^MfJyfttf* 
(»¥6-2G7 16 9.^S) , 7xtVfoyy 
Rf«: «5l¥5-3 3,1 4 5 9^8)., 2-1-7 
10-N, N' 7^7>7yh5*y^ 
(Phy s\ Stat. Sol. ( a ) , 142 
m, 4 8 91, 1 9 9 4¥) , nS!**^**KK{k^ 

6 0 m^-HlSIS 7 0>iRJ*ttt 5~2 0 0 nm, » 

£U<I*1 0-10 0 nmtfcSo 

[0 0 5 7) &«8 fi, ti?ftaj|7 {cm^£&Ai-6 

T/i^~»X ^^^^ 
[0 0 5 8] Jffc, IftfttX^Xtta^iSW^B 

i:LiF, Li, o^wr/^y&JS^^r/^ y 

30 «/Npyyfc(W©«Hi. (0. .1-5 nm) £f¥A 

(App 1. Phy s. Lett. , 7 0% 152 
K, 1 9 9 7f ; IEEE Trans. Electr 
on. Devices, 4 4% 1 2 4 51, 1 9 9 7 
¥ ; m%¥- 9-8 6 6 6 2 tttttt) . ttffi 8 ^Rff» 

a** »«2*i*n«-Ciba. fift¥flMM*»&A&'lft 

[0 0 5 9] BB1 tf4i»9*JS, SP*>, «K±KI» 
. «8* tt^UaSJi.7, '3S'*JB5i jE%tt£Jl4. n«2 

2 »t/H 3 tc^ ufcfldia%Ji«"fi8; t it^mm^mmi' 

50 ^7^7^ h»Htt.ML, S^fi, ij^r^y^i 



31 



? t frit/5 r t Id <fc _ 9 7 A>* 7 fl? 
[0 0 6 0] 

X» 3Sttrt<B*£j*rt*2 x l o; 6 T o r i-&T£*5£ 

2 o o-2 6 ot:<Digsfflx-$«Jft tys: 0 %%%%<DM&. 



.( 17 ) ; ' 1#M¥l;.l -3 2 9 7.3 4 . 

. . : ' » ' . . •■ '32' 

fill. 8X1 0"T'or r 0^2. 3X'l,6' 4 Pa) 

\ ; affit« ■(*). m^^mm^^mm, cap— d * 

m^xW&tizhzZ] 5 . : Q;6 e vbft&^.Lfc. r. 
OSS*!****? V 7 : 3 5 0 n m) t?a® LT 

:M£ V^*#tt»©tt^tf 4 6 5 n ni^C; »fetf>3bfcT* 

-*Ht»P SC-2 6. IE* b /T^$##rfJ£ Lfci r 
10 5Tg.fi9 3tfc*V^t**L*:. "tefl>«l 

o v n r < ^ ^'{fc*^ y -r /K 

[0 0 6 1 ] 
1*6] 



S-6 





[eV] 


[nm] 


Tg fC] 


1-3 


5.06 


465 


93 


1-5 


5.08 


445 


88 


1-10 


5:00 


450 


146. 


I-27 


5.09 _ 


470 


142 


I-28 


i '. 5.05 


480 


120 



[0 0 6 2] ###]2 

WTJ^I-4, 4' — tr* (N- (1-^-7^ 
;W) ~N-7^^7^7] fcf7:*=VU (H-l) £3£ 

[0 0 6 3] 



(H-1) 



[0 0 6 4] Lfcffii*#J%ffl| l i: PMKK: tr*#««r'fp 

5. 2 5 e VWffiilr^LfCo 
jE7LHLJbS.rotf#t L-C, -fVftb** (1-3) left* 

-t\ TlE^i-K*^., (2 f >w- 8— y f-) 

( KU 7i=;i->7/7V) 7;wS = ^fls.;(HB- 



MLfc. . 
30 [0 0 6 5] 
Uk 1 8 ] 

pH 3 





(HB-1) 



[0 0 6 6] Z<DBB&.nO'<*>{ttf7-yi'*/l'*m 
SLfcigm, 5. 5 1eVt^ft. 

40 mmm i 

. ( I TO) SnSiaOltr-1 2 0 nro*»H Ufcfc© (SfcT 
▼ ^y>tt«!-;'m^ii'-Aj*BI ) ft ; 5d) 

RKLfc 0 ^-VJgl&tfc I TOjRt; T-fef Vic J: 

50 *,-'J^lJ:*^li*>rv^ftftoX, : Jlffi3K«i6jBrt 



<f1t% gBrtOKffiflM* 2 X 1Q'> T-o v'r- (ft 2. 

7X1 o - .\p:*)\a^ 

[0 0 6 7 ] 'IE«Ilt^,lT; 4 , :*4 . - 
(N- (1 '--t-7?M -N-7*i>W'T^ : > r ] tf7-i' 
(H--1) S:-fc5 5 'y^«tAti, #»©JlBtf> 

ifliiscpjasfij 2 7 5-2 8 ox:comwv^yMLtzo m 

%t%<DMQ&fc 1 ; 1X1 0" 6 T. o r r OB 1.. 5X1 10 
0 " 4 P a ) X\ 0 . 3 n m/#tfl)W.6 O nm 

( I - 1 0.) Zfrx mWt LTs "TTBK:*Sia;4r55-r - 

[0 0 6 8] 
Utl 9] 




[0 0 6 9] ^fe«^fc#»"(l-i0) W*tt*flffl 
&I2-3 2 0-3 3 O^CQ^fflt?, ^^uVo±tfiiafflJ[tt 
.2 0 O.'C-CftHW Lfc 0 .3BE»ft©JKffl*'tt 1. lxio" 
T'orr. GBl. SXlO'^Pa) ^^fTO^I 
3SPil*0.." 2 nm/?K% fflf*fi.3 0 nm"Cfcofc 0 r 30 

iry^trBlltVteK-^UftV^tlWtU Wl5n 

t\ tr* (2->fyv-8-^/y;7h) (Ky^in 
(D^m 8 o-i 9 oti^ttB^MftLfco mm&<o 

XSK«:8.. 0X10"To.rr (jfe 1 . 1 X 1 0' 4 P 
a ) -C; 18*5*5 0 . . 5 n m/8r<\ -Kfftt 2 .0 h 40 

■;i/^^A(08-t kp^^; y ^ (e- i) £ 
±ffijE?Lia±»- 6 <o±\zmmz i>xM%zn o fc D 

[00 7 0] 

[ft'2'0] . 



1-3 2 9 7 3 4 




[0 0 7 1] 3 0 0-3 1 0°CC0 

jBH^IMip Lfc. -**i*^*?sktt 8 . o x i o" 7 T o 
r r Oft' 1 . 1 X 1 0" 4 P a j t? v l^ilS 0 . 3 n m 
■/»-ci".ll#r* 2 5 n m-Cfoofc 0 ±|5^IE?L^Ji 4 

.[0 0 7 2i ::t\ «4-l!laSJl7*W3IS«*rtfofc 

;^ K-7^?.S:> »«2© I'TO^>"9^^tf4ieS 

Tor'r .(82. 7X10" 4 Pa) KTKftSi^SMS 
L/Co JMfffeLt,; *1\ 7W^«^j/A (Mg 
F 2 )>^y^xV^-bSrfflV.^, ^iiio. 0 4 
nm/^ : ^|5. 0 X 1 0" 6 T 6 r r *6..7X 
1 0" 4 P a) X\ 0. 5 nm<DmWXm^\&m7<D±. 

1. 2X10' 5 Tor r. (fil. 6 X 1 0" 3 P a ) ' TJBt 
SC4 0 hm<7>r/l'^^f>A^Sr^LfCo Ml-> *:9±' 

2Xl0 5 Torr OK) 1 . 6X10^ 
a ) tll|4 0 n m<D««&^j£ 1^18^^^: 
fc 0 ^±(OH^S^fe8<0^#^^S«M«^^^<» 

[0 0 7 3] a±©«|:Ltv 2ramX2mm(OWX 
2 5 0 mA/ c m 2 . COmjMST*^ffi, ISft 

a*f*i o o c d/m 2 x<Dms-m&/Mm\m&-m 

miBEfil 0 0.c d/m 2 t'Oi^: 
C I E&ftjSffitf (J I S Z 8 7. 0 1 ) . * 

[0 0 7 4] 
[«7] . 



( 19 ) ®ffl¥-l 1-3 2 9 7 3 4 

• , '35 •; ,v' .' • ./. ' . " • • ; • " ■■ •'. ' :• . '. ' 36 .'. ' ' • - 







LvUa in j 

@250mA/cm? 


: mm ■ 

[/ ITl / W] 

@1.00 ; cd/m 2 




tvi 

©lOOcd/m 2 


: c\E&jmm/ 






: [cd/A] 


; X . 






(I 27) 


QQ55 : 

8480 ; 


; 2.88 
1.66 " 


7,3 
4.8 


8 - 

9 • .•: 


0.358 : 
0,317 


0.408 
0:346 


:S»fi!3' . 


0-3) 


3970 ' 


0.62 


2.6 ■ 


13 


• 0.267 


0.287 




(1-10) 


3820 


0.81 


2.6 


• 10 • 


0.176 


0.195 


tMNJM. 


(1-27) 


6890 


1.69 


4,3 


8 


0.202 


0.301 




(1-3) 


6420 


1:34 


3.8 


9 


0.220 


0:359 


: JfcttMl. 


(1-27) 


6590 


1.51 


2.4 - 


5 


0.412 : 


0.514 




d-3) 


2330 


0.26 . 


1.0 


12 


0.336 : 


0.402 


■'tarn 3 


(HB-1) 


1290 


0.38 


1.5 


13 


0.345 


0,354 



to 075] mmm2 . . 

&%m<»-fr7- YVsPfhLX^mt^ X\ - 2 7) 

^Vfm# (Dr 2) ■ fc IttfettSlttfl 1 
[0 0 7 6] 

Kk2i] 




(D-2) 



p 



[0 0 7 7] fcL-C***fmbfc. SH-f»»jt»ttt: 

lefte o** wwi ur««<t*» d-3) je 



y/f^JftV/^Pfl: (D-3) 4 Lfc-ffeJiUlteW 

[0 0 7 8] 
[<t2 2j 




(D-3) 



[oo79] m*<o ! %itft&.&&- 7 K^-r„ 

2H&0iJ4 

[0 0 8 0 ] 
[-£ 8 ] 



37; : ' " ■ • ": " : - ' ' . ' : : v • ' 38 . : : 



®E [V] 


Sff rcd/m 2 1 




X 


• y 


8 


109. 


0.363 


■ 0.412 


10 


720 


0.358 


. 0.408 


14 


9955 


0.345 


0.393 



[ 0 0 8 1] ##trj4 

^«BWt«IS?fcft»,(l -1 0) , (1-2 7) X 
If (I - 3) £fflV\ %?t^ic Kr-yLftV 

[0 0 8 2] ttftMl ■ 
IE?LI&±Jf*Rtf1\ «^*fc»»0«J([«r 4 5nmH 

*«Hsts:*-7i^"r. .»fe»*ii#ibii-f\ mamas' 
it«aeij2 

3) tit, £6 0 nm£ U K-^fe*tl 

(D-3) ^ffiV^cftfetili 

[0 0 8 3] HsttW 3 
»ft»3M*^h*miLriWEflS*4fc (HB-1) £ 
J||V\ ^DUyHy/Wt^f^ (D-2) 
*1. 0, 0, 4ti%K-7'U jE*LIBJh»*Ktt1" 
i^8at4 5nmW (E-l) Srffl^fcflfett* 

[0 0 8 4] 



tf) ^/uf^y-^fs ■HtV>ttfflJ8Jt(*:fc UT© 
"*m«:^Lfc*« ■(«*."«[; *ft^-f 

20 V^t<0"CfcS 0 

[0*3 ] ■#«m#***^to-8UO«Sr^Lfc«S;Wrffi 

[04] jottafeioftfctsu'fcc 1 E&&mmm Q 
[@5] siftwio^fliim^fs**^*^©**^^ 

30 '[B6] S»j2 0*.«m#%)t^i : -^b^%^;^^^ 

■107] SOjS«l-3KfflV^*^ bXt/K-^fe*^ 
fe03S*oc I E-ftftjffifltB. 

1 IS ' 

2 &§s 

3 iffi^y^ri 

4 iEft^&Jf 

5 »3ti 

.40 6 IE?LPllkJ§ 

.7 m^aie 

8 ftfii 



0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 
x 



[us] [ m 6 ] . 




400 500 600 700 800 400 50O . 600 

■ $IM [nm] [nm] 



